Abstract-The ATLAS Level-1 Calorimeter trigger is one of the main components of the first level trigger of the ATLAS experiment at the LHC. It is a custom built hardware system which consists of about 400 VME boards. Its input stage, the PreProcessor, is a mixed analogue/digital system which receives pre-summed analogue signals from the calorimeters and determines the calibrated energies and the corresponding bunch crossing which are sent to the digital processors. The complete processing chain is performed in a digital, pipelined system, where programmable algorithms are performed in parallel within a fixed latency of 2 JiS. The real-time output consists of counts of high-ET physics objects, such as jets, electron/photon and tau candidates, and global energy sums. While the trigger system has been operational from the time of the very first LHC data taking, many configurable parameters such as timing and energy calibration were optimized based on studies of high luminosity proton-proton collisions. After two years of successful operation cIose-to-ideal performance of the trigger has been established. 1 kHz is typical for the beginning of a luminosity run whereas the mean readout rate is a factor 2-3 lower when averaged over an entire data run. The first level trigger is constructed
conditions. An overview of the performance of the calorimeter trigger hardware under these challenging conditions will be presented, along with the experiences and resulting optimizations for the data taking period in 2012.
I. THE ATLAS EXPERIMENT AND ITS TRIGGER SYSTEM
The ATLAS experiment [1] at the Large Hadron Collider (LHC) studies proton-proton interactions at unprecedented high energies and luminosities. The ATLAS detector consists of an inner tracking system surrounded by a superconducting solenoid, electromagnetic and hadronic calorimeters (see Fig   ure I ), and a muon spectrometer. The inner tracking system is immersed in a 2 T axial magnetic field and consists of a silicon pixel detector, a silicon micros trip detector, and a transition radiation tracker, providing charged particle identification in the region 11]1 < 2. tungsten as the absorber, respectively. The calorimeters pro vide coverage up to 11]1 = 4.9. The muon spectrometer con sists of superconducting air-core toroids, a system of trigger chambers covering the range hi < 2.4, and high-precision tracking chambers allowing muon momentum measurements in the range 11]1 < 2. 7
With the recent discovery of a new boson [2] one of the major goals of the LHC program seems to be achieved, which is the discovery of the Higgs particle. Whether the new boson is really the Higgs boson needs detailed studies at high luminosity and measurements like the spin and the decay ratios of the new particle. In addition to this the LHC offers the possibility for discoveries of physics beyond the standard model of particle physics.
The recent achievements as well as future measurements and searches for new physics pose strong requirements on the trigger and data acquisition systems of the experiments. They need to cope with proton-proton interaction rates at 40 MHz in a bunched configuration with more than 35 inelastic proton proton interactions per bunch crossing. A complete readout of the produced data would lead to data rates of several hundred TB/s. A huge reduction of the initial rate to the final readout rate of about 1 kHz is therefore neccessary and is achieved by means of a three level trigger system. The readout rate of 1 kHz is typical for the beginning of a luminosity run whereas the mean readout rate is a factor 2-3 lower when averaged over an entire data run. The first level trigger is constructed from custom built electronics to match the decision time of The timing synchronization of trigger towers is achieved by fitting the digitized signals with a function derived from calibration data with the maximum position and the signal height being the only free parameters [5] . The technique has been refined step-wise taking signal shape differences between The white spots indicate either malfunctioning channels or channels for which no timing could be derived due to statistical reasons. Channels with deviations of more than 3 ns from the ideal timing stem from regions where calorimeter and trigger time calibrations were not finalized yet. After this measurement they were well timed as well [5] .
calibration and collision pulses into account. Currently the method is understood to determine the synchronization timing with a precision better then 3 ns which mainly originates in differences between the two pulse types. It is well below 1 ns for most channels. We can therefore conclude that the trigger towers are synchronized better then 1 ns with a systematic uncertainty of 3 ns. This matches well the required accuracy of 5 ns which stems from the required energy calibration to be better than 2 %. In case the timing synchronization would be worse, a sampling of the signal peak and thus a correct measurement of the energy could not be guaranteed anymore. electromagnetic section of the calorimeter. Very good linearity and a good resolution can be observed.
IV. TRIGGER EFFICIENCIES
The main figures of merit for a trigger system are its efficiency and its rate. Figure 5 shows the efficiency for jets reconstructed offline with a typical jet algorithm. The efficiency is shown as function of the transverse momentum of the jet. A sharp turn-on curve and a plateau efficiency at basically 100 % can be observed. The turn-on curve as well as the high plateau efficiency are well described by a dijet MC-simulation which has been interfaced to the ATLAS detector simulation also including a simulation of the trigger.
The excellent description of the data by the simulation show that the trigger exhibits a close to ideal performance. Almost all channels perform well. The energy scale of the trigger as well as the energy resolution match the expectation. () 1 . 1 ",-.-",-,-. .,-r-,-, ,-,-,--. .,-r-,--;-,-, ,-.-r-,--- ;;:'2' :' _2"'""" " �1Ok'" r =�.
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